Background Human herpesvirus type 8 (HHV-8), a gamma herpesvirus associated with Kaposi's sarcoma, has been proposed as a candidate risk factor for prostate cancer (PCa) because of its detection in benign and malignant prostate specimens, and its relation with histologic prostatic inflammation. We investigated the possible relation between pre-diagnostic HHV-8 infection and PCa risk in a case-control study sampled from the placebo arm of the Prostate Cancer Prevention Trial.
Introduction
Human herpesvirus type 8 (HHV-8) is a gamma herpesvirus associated with Kaposi's sarcoma (KS) and primary effusion lymphoma [1] . This virus has also been proposed as a candidate risk factor for prostate cancer (PCa) because of its detection in benign and malignant prostate tissue and secretions [2] [3] [4] [5] [6] [7] , and because of its relation with histologic prostatic inflammation [3] , a possible cause of PCa [8] . In one of the first studies to investigate HHV-8 infection and PCa, Hoffman and colleagues [9] observed a positive association between HHV-8 seropositivity and PCa in a series of case-control studies, most notably one conducted among Afro-Caribbean men from Tobago (Table 1) . Subsequent studies, however, have observed null and sometimes even suggestive inverse findings between HHV-8 seropositivity and PCa [10] [11] [12] [13] [14] [15] , particularly those published before the execution of the present study [10] [11] [12] . Therefore, to further inform the possible relation between HHV-8 infection and PCa, and to investigate the reproducibility of previous suggestive inverse findings, we conducted a case-control study sampled from the placebo arm of the Prostate Cancer Prevention Trial (PCPT). This study population is particularly appropriate for investigations of infections and PCa risk because participants were screened annually for PCa and, if not diagnosed during the trial, were recommended for endof-study prostate biopsy [16] . Both of these design features reduce the possibility of detection bias caused by (1) differential rates of screening by infection status, (2) infectionmediated prostate-specific antigen (PSA) elevation, which has been observed for HHV-8 infection [14] , and (3) infection-mediated induction of any other prostate abnormalities that might trigger a prostate biopsy.
Materials and methods

Study population and design
The PCPT was a large, multi-site randomized clinical trial designed to determine whether the drug, finasteride, a 5a-reductase type II inhibitor, prevents PCa [17] . Generally, healthy men C55 years of age who had no evidence of PCa [i.e., PSA concentration B3 ng/mL and a normal digital rectal examination (DRE)] or other clinically significant chronic conditions, including severe benign prostatic hyperplasia [BPH, defined as an International Prostate Symptom Score (IPSS) C20], were eligible for the trial. Between 1994 and 1997, 18,882 of these men were randomized into either the placebo or finasteride arm of the trial and were then followed actively for 7 years for PCa diagnosis. Participants were screened annually for PCa by DRE and PSA testing, and those found to have abnormal DRE results or elevated PSA ([4 ng/mL) were recommended for prostate biopsy (''for-cause'' biopsy). To ensure that approximately equal proportions of men were recommended for biopsy in each arm, PSA concentrations were adjusted among men in the finasteride arm because finasteride is known to lower serum PSA. Serum remaining after PSA testing in both arms was stored for research purposes. After 7 years of participation in the trial, men who had not been diagnosed with PCa were offered a prostate biopsy as part of the trial protocol (''end-of-study'' biopsy). This biopsy was included to ensure that biopsy referral patterns were not biased by the use of finasteride. PCa cases detected on a biopsy recommended because of an abnormal PSA/DRE that coincided with the end-ofstudy biopsy window were considered to have had a forcause biopsy.
As part of a broader investigation of genetic and other serologic exposures in relation to PCa, we conducted a large case-control study within the PCPT. Participants with an adequate baseline serum specimen and a definitive positive or negative diagnosis of PCa (i.e., a confirmed PCa diagnosis or a negative end-of-study biopsy) were eligible for inclusion (n = 8,580). We defined cases as men diagnosed with PCa on any for-cause or end-ofstudy biopsy (n = 1,809). PCa diagnoses were established by agreement between pathologists at the study sites and pathologists at the central laboratory who reviewed all study biopsy material. Clinical stage was provided by the study sites, and Gleason patterns and sum were determined by central pathology review of biopsy tissue. We defined controls as men not diagnosed with PCa at any time during the trial who also had a negative end-of-study biopsy (n = 1,809). All non-Caucasian men who met this definition were selected as controls to enhance our ability to perform stratified analyses by race/ethnicity. The remaining controls were selected such that the entire distribution of controls was frequency matched to cases by age (55-59, 60-64, 65-69, and C70 years), treatment arm, and family history of PCa, which we defined as at least one first-degree relative with PCa. For our control sampling strategy, we chose to use cumulative rather than incidence density sampling to provide all participants with the opportunity for occult PCa detection independent of indication for biopsy. This consideration is particularly important for studies of infection and PCa because infection may cause participants' PSA to rise, as has been observed previously for HHV-8 infection [14] , and may thus trigger a prostate biopsy and incidental PCa detection. This same opportunity for incidental PCa detection would not be present for uninfected men. Therefore, incidence density sampling might lead to detection of a false-positive association. Having said that we recognize that our cumulative density control sampling strategy also had the potential to introduce a survival bias between cases diagnosed by forcause biopsy and controls found to be negative on end-ofstudy biopsy. However, as only four cases diagnosed by forcause biopsy died during follow-up, we do not believe that survival bias was likely. Furthermore, comparison of cases diagnosed by end-of-study biopsy with controls should be free from survival bias, as well as any possible selection biases that may have been introduced by differences in motivation for prostate biopsy between ''for-cause'' cases and controls (i.e., clinical indication vs. study compliance).
For our investigation of HHV-8 infection and PCa risk, we selected a subset of men from the above-described case-control study. We limited this subset to (1) men in the placebo arm, as these men are more similar to men in the general population and to those in previous studies and (2) men with an adequate serum specimen from visit 2 to conserve valuable baseline specimens. Therefore, to maintain the prospective nature of the study, we also limited PCa cases to those diagnosed after visit 2 (n = 315). Finally, we selected PCa cases such that approximately equal numbers were diagnosed with low-grade (Gleason sum\7) and high-grade (C7) disease, and by for-cause and end-of-study biopsy to allow for investigation of associations between HHV-8 infection and various PCa outcomes with equal precision. For controls, we selected a subset of the original controls and frequency matched these men to cases by age and family history of PCa; otherwise, we selected controls at random (n = 315). As the original set of controls was enriched for non-Caucasian men, the subset was also enriched for these men.
This study was approved by the institutional review board at the Johns Hopkins Bloomberg School of Public Health. The PCPT was approved by the institutional review boards at each of the institutions that randomized a participant.
Assessment of HHV-8 infection
We assessed HHV-8 infection by titer of anti-HHV-8 serum IgG antibodies. Similar to all herpesvirus infections, HHV-8 Similar results were observed when serostatus was determined using the algorithm described in the previous footnote e Similar results were observed when a correction was performed to account for the low sensitivity of the assay (48 %) estimated using serum from acquired immune deficiency syndrome patients with Kaposi's sarcoma infections are lifelong infections that cycle between latent and lytic (or reactivated) states, each with distinct patterns of protein expression. For our study, we used a monoclonal antibody-enhanced immunofluorescence assay (IFA) against multiple lytic antigens to detect HHV-8 infection.
We did not measure antibodies against latent antigens because most ([90 %) specimens seropositive for latent antigens are also seropositive for lytic antigens using our assay ( [18, 19] ; unpublished data from Frank J. Jenkins). In a study comparing multiple different testing algorithms, our IFA had a sensitivity of 100 % in KS patients, and an estimated sensitivity of 53.4 % and specificity of 96.6 % in blood donors, as compared to estimated sensitivities of 8.7-47.4 % and specificities of 97.3-100.0 % for other testing algorithms that involved combinations of enzyme immunoassays (EIAs) and IFAs for various different lytic and latent antigens [20] . When compared to single assays, our IFA had a sensitivity of 97 % among KS patients and 100 % among those who developed KS within 5 years of blood draw, as compared to 87 and 54-85 %, respectively, for single-peptide lytic EIAs, and 83 and 77 %, respectively, for a latent IFA [19] . If, similar to KS, PCa is also caused by frequent HHV-8 reactivation, we would expect similarly high sensitivities for these more etiologically relevant HHV-8 infections in older men as in patients who go on to develop KS; less relevant infections that reactivate infrequently and that are associated with initially low antibody titers and waning antibody titers over time would be of less interest to detect [12] . For the present study, we tested visit 2 serum samples for HHV-8 antibodies in duplicate and we assessed each sample microscopically by the same reader. If duplicate results were discrepant, we tested a third replicate and used the results of the two replicates in agreement. Samples positive at a dilution of 1:100 were considered to be HHV-8 seropositive, consistent with all previous studies of HHV-8 infection and PCa that used this same assay [9, 11, 12, 14] . We investigated assay reproducibility by testing 12 sets of six blinded replicate samples from serum remaining after routine syphilis testing at the Baltimore Bureau of Disease Control laboratory. Samples were approved for use by the Baltimore City Health Department public review process and anonymized prior to release. Ten replicate sets had 100 % agreement, and two had 83.3 % agreement.
Assessment of covariates
We obtained information on most covariates from the baseline visit, at which time participants completed a detailed self-administered questionnaire on demographic and lifestyle characteristics. These included race/ethnicity, education, occupation, marital status, cigarette smoking, physical activity, and frequency of sexual activity in the past 4 weeks, histories of vasectomy and diabetes, and current and past regular aspirin use. Height and weight were also measured at the baseline visit. At the 1-year visit, participants completed a 15-page diet and supplement questionnaire designed specifically for the PCPT. This questionnaire included questions on usual consumption of 99 foods or food groups and nine beverages over the past year; 13 questions on food preparation and purchasing; and three on usual consumption of fruits, vegetables, and fried foods. This information was used to derive usual intakes of energy, protein, carbohydrates, fat, fruit, vegetables, tomato products, red meat, processed meat, fish, calcium and zinc from food and supplements, as well as alcohol [21] . We derived a history of symptomatic BPH at baseline from data collected at the baseline clinic visit (IPSS [ 14 or a history of BPH treatment), and we inferred whether or not participants had military experience from their form of payment (Veterans Affairs-sponsored payment for medical care) and type of study site (Veterans Affairs Hospital, Army/Naval Hospital, etc.). Finally, PSA values and DRE findings from visit 2, the visit at which HHV-8 serostatus was assessed, were also considered in the analysis, as well as serologic evidence of other sexually transmitted or transmissible infections, including Trichomonas vaginalis [22] , human papillomavirus types 16, 18, and 31 [23] , and cytomegalovirus infections [24] .
Statistical analysis
As the first step in our analysis, we investigated the potential for confounding by calculating adjusted means and proportions of potential confounding variables by PCa case-control status among all participants and by HHV-8 serostatus among controls. We adjusted means and proportions by age and family history of PCa to account for frequency matching and by race to account for over-sampling of non-Caucasian controls in the original parent study design. We considered as potential confounders all variables mentioned in the covariate section (with the exception of PSA results and DRE findings), as well as specimen storage time. To investigate the possible relation between HHV-8 serostatus and PCa risk, we calculated age-, family history-, and race-adjusted seroprevalences of HHV-8 by PCa status and compared these seroprevalences using linear regression. Next, we calculated odds ratios (ORs) and 95 % confidence intervals (CIs) of PCa by HHV-8 serostatus, using unconditional logistic regression and adjusting for age, family history, and race. We investigated confounding further by comparing the results from our base model (age, family history, and race) to results from models including additional covariates (described in the covariate section). As none of these covariates shifted the point estimate for HHV-8 appreciably, we presented the selection biases. Finally, we performed further stratified analyses by age at PCa diagnosis, family history of PCa, race, and past regular aspirin use to investigate potential effect modification. We calculated p values for interaction by the likelihood ratio test. A priori, we had at least 80 % power to detect ORs B0.52 or C1.71 for an estimated control seroprevalence of 18 % [12] . Statistical analysis was performed using SAS version 9.2 (SAS, Cary, NC).
Results
We selected 315 PCa cases and 315 controls for analysis. By design, approximately half of the cases were diagnosed by for-cause biopsy and half by end-of-study biopsy. Approximately half of the cases were also diagnosed with low-grade disease and half with high-grade disease, and almost all were diagnosed with organ-confined disease. Comparing cases to controls, cases consumed significantly or non-significantly more energy, protein, carbohydrates, fat, fish, and calcium than controls (Table 2) . They also smoked fewer pack-years of cigarettes if they smoked and were non-significantly less likely to be diabetic than controls. Finally, cases had higher PSA values at visit 2 than controls and were more likely to have abnormal DRE findings. Considering controls only, HHV-8 seropositive men were significantly or non-significantly less likely to have a family history of PCa and to have ever been married than seronegative men. They also consumed more energy, carbohydrates, calcium, and zinc, engaged in more physical activity, and had higher PSA values at visit 2 than seronegative men.
The adjusted seroprevalences of HHV-8 infection were 11.6 % for cases and 11.0 % for controls (p = 0.81). No association was observed between HHV-8 serostatus and risk of total PCa, low-or high-grade PCa, and organ-confined disease (Table 3) . A slight, non-significant positive association was observed for PCa diagnosed by for-cause biopsy, and a slight, non-significant inverse association was observed for PCa diagnosed by end-of-study biopsy, possibly suggestive of detection bias caused by the positive association between HHV-8 serostatus and PSA. No effect modification was observed by age at PCa diagnosis, family history of PCa, past regular aspirin use, and race (all p interaction C0.20).
Discussion
In this study of older American men, we observed no association between HHV-8 serostatus and PCa risk. Our null findings differ from both original positive findings in Afro-Caribbean men [9] , as well as more recent inverse findings in our previous large study of American health professionals [12] and unstable, suggestively inverse findings in several smaller studies [10, 11] . Our findings are consistent, however, with those from other more recent studies, including a large prospective investigation in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial [13] and a recent prospective extension of the original Afro-Caribbean study [14] (see Table 1 ).
The observed lack of consistency in findings across the HHV-8 and PCa literature may be explained by several possible reasons. First, there may truly be no association between HHV-8 infection and PCa risk, and thus, occasional positive and inverse findings may simply be due to chance. Second, differences in the assays used across a Cases were a sample of men diagnosed with prostate cancer on any biopsy after their second visit or on their end-of-study biopsy (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) b Calculated by logistic regression, including terms for age (continuous), family history of prostate cancer, and non-Caucasian race c For-cause biopsy refers to a biopsy performed because of an elevated prostate-specific antigen concentration or an abnormal digital rectal examination d End-of-study biopsy refers to a biopsy performed without indication after 7 years of participation in the study as per trial protocol studies may have contributed to differences in study findings. As detailed in Table 1 , some studies used assays that detect single HHV-8 antigens (either lytic or latent) and are considered to be more specific, whereas others used assays that detect multiple antigens and are considered to be more sensitive [19, 20] . Some also detected solely lytic or solely latent antigen(s). These differences in assays likely contributed to the wide range of seroprevalence estimates observed across studies because estimates as varied as 6.7-27.5 % were observed in study populations tested with multiple different assays [11] . Differences in geographic location also likely contributed to this range because men from parts of the Mediterranean and Africa tend to have higher seroprevalences of HHV-8 infection than North American men [25] . Considering only studies of American men that used the same assay as in our study (i.e., lytic IFA), our seroprevalence estimates were higher than those observed in blood donors [9] , comparable to those observed in men with other cancers [9] , but lower than those observed in all other study populations [11, 12] . Although none of these studies collected information on sexual activity with men, one of the few strong risk factors for HHV-8 infection [26, 27] , we have no reason to believe that the prevalence of sexual activity with men varied notably across populations. Therefore, reasons for these differences are unclear. Irrespective of these differences, however, relative comparisons between cases and controls should still be valid. Taking the type of assay used into consideration, we could not discern any consistent pattern in associations between HHV-8 serostatus and PCa across assays. Therefore, we believe that differences in assays are unlikely to explain discrepancies in study findings. Another possible explanation for discrepant findings is differences in the distribution of PCa cases by stage across study populations, as HHV-8 was recently shown to confer the capacity for androgen-independent growth in androgensensitive PCa cells in vitro [28] . This finding suggests that HHV-8 may play a role in late-stage PCa progression to androgen-independent disease rather than or in addition to earlier stages of PCa development. To our knowledge, only three studies included a large proportion of late-stage cases in their study population: One of which observed no association between HHV-8 seropositivity and PCa [29] ; another observed unstable findings because of its very low sample size [11] ; and a third observed a positive association, although this study excluded controls with PSA values [4 ng/mL [9] , which may have selectively reduced the HHV-8 seroprevalence in controls, but not in cases [14] . These differences across studies make it difficult to draw firm conclusions about the possible relation between HHV-8 infection and late-stage PCa.
If the influence of HHV-8 infection on PCa is earlier rather than later in the natural history of PCa-for instance, in PCa initiation or in the early determination of its clinical potential-it could be argued that our collection of blood samples at one time point later in life and our short followup relative to the natural history of PCa could have limited our ability to detect associations. However, as HHV-8 serology is generally viewed as a measure of cumulative exposure to this lifelong virus, and as most seropositive men were likely infected several years/decades before enrollment into the trial [27] , we believe this argument unlikely. Moreover, even if antibody levels waned in some individuals with predominantly latent infection, we would still expect levels to have remained detectable in other men with potentially more relevant infections for PCa, such as those that reactivate frequently. Finally, our collection of blood samples from older men and our relatively short follow-up is also similar to most previous studies of HHV-8 infection and PCa nested or sampled from cohorts [12] [13] [14] .
A third possible explanation for discrepant study findings is differences in the race/ethnicity of participants across studies, particularly with respect to African descent. Among African and African-American men, null to possibly inverse associations have been observed [11, 13, 29] , whereas among Afro-Caribbean men, whom Jenkins et al. [11] hypothesized may be more susceptible genetically to the effects of HHV-8 infection or may be more likely to have region-specific environmental correlates of HHV-8 infection associated with PCa, conflicting findings have been observed [9, 14] . In the first of these studies, the authors observed a positive association comparing predominantly late-stage cases to controls with low PSA [9] , whereas in their second study, they observed a null association comparing risk of lower stage PCa between HHV-8 seropositive and seronegative men [14] . Whether these differences in findings are explained by chance, selection bias or differences in association by stage are unclear. However, considering the HHV-8 literature as a whole, it does not appear likely that HHV-8 infection increases the risk of PCa in most men.
In summary, we observed no association between HHV-8 seropositivity and PCa risk in our study of American men, consistent with the general tendency of the HHV-8 and PCa epidemiologic literature to date. Strengths of our investigation were our prospective exposure ascertainment, and our ability to limit detection bias through uniform PCa screening protocols and comparison of cases diagnosed by end-of-study biopsy to controls found to be negative on this biopsy. A limitation that might be addressed in future studies is our inability to examine the relation between HHV-8 infection and late-stage disease.
HHV-8 antibody testing, the Baltimore City Health Department (Dr. Emily J. Erbelding, Vincent Marsiglia and Sarah Norman) for generous provision of quality control serum specimens, and Dr. Catherine M. Tangen for general statistical discussions. This project was funded by research Grants P01 CA108964 (Biology of the PCPT) and U01 CA37429 from the National Cancer Institute, National Institutes of Health, as well as the Barnes-Jewish Hospital Foundation. The content of this work is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.
